A sample of the 100 most cited papers on urban insect ecology from 2000-2017 is reviewed. This period represents the time since a call for more research on urban arthropods was raised by McIntyre (2000) . Only literature on urbanization and its effects on insects were examined. Most studies concentrated on habitat suitability, beetles, butterflies, and bees.
urbanization was not integral to the study), and the top 100 most cited articles retained. This produced an idiosyncratic, but generally representative sample of trends in the most influential urban insect ecology and biodiversity studies. It also eliminated some extremely important general references (Grimm et al. 2000 , McKinney 2006 , 2008 that should be read by all urban insect researchers.
References were sorted first by number of citations, then by research theme (Fig. 1) , and finally by taxonomic groups (Fig. 2) . "Research theme" is a subjective quality as classified in this review, and was qualified by the following criteria (others could equally be applied):
1. Habitat suitability, or the ability of organisms to live under various conditions. These papers include most of those identifying the effects of rural to urban gradients, and how species react to urbanization. 2. Biology. The function of the species within an environment, rather than how they are distributed across environments, is the subject of this category. 3. Restoration. Applied aspects of biodiversity work. 4. Faunistics. Inventory of the species present. 5. Theory. One paper (Fattorini 2016) was written on island biogeography theory as applied to urban insects.
Results
The most cited Few of the papers were highly cited (over 250 citations), but three fit into this category: Bolger et al. (2000) , Gibb and Hochuli (2001) , and Moore and Palmer (2005) . As expected, these papers were broad, general analyses of urbanization and its effects on the insect fauna; thus, they deservedly are widely cited. Bolger et al. (2000) looked at the effects of natural habitat fragmentation on the success of the invasive Argentine ant (Linepithema humile) in Southern California. They found that increasing fragmentation increased the success of these highly dominant ants, especially with respect to the native ants. Concurrently, fragmentation decreased the ability of native ants to persist in habitat fragments, which is problematic for the many species that depend on native ants (horned lizards, for example). Gibb and Hochuli (2001) , also working on fragmentation, found that species numbers of four groups of insects, plus spiders, did not differ significantly between large and small fragments. Instead, they found that the community makeup changed, with smaller fragments having fewer parasitoids and predators. Finally, Moore and Palmer (2005) found that biodiversity of stream macroinvertebrates was highly negatively correlated with an increase in impermeable surface (pavement, roads, etc.) , but that having some riparian vegetation along the waterway decreased the negative effects of high impermeable surface. This study gives a clear guideline to those wishing to effect positive change on stream biodiversity, even in places where it seems impossible because the surrounding urbanization.
The most frequent research theme By a fairly large margin, the topic of habitat suitability was most represented in these papers, with seventythree percent classified in this research theme. In addition to the top three most cited papers mentioned above (all of which fit in the habitat suitability category) was an important paper by Niemelä et al. (2000) , who organized a worldwide network for study of urbanization and carabid beetles. As a graduate student, I overlapped with Niemelä when I was a PHD student (and he was a postdoctoral fellow) in the early 1980s at the University of Alberta, and I was puzzled by his interest in insects associated with disturbed environments; clearly, however, he was ahead of his time, and my attitude reflected the prevailing bias against urban entomology. Niemelä and colleagues have published an impressive array of work on urbanization and carabids (e.g., Ishitani et al. 2003 , Niemelä et al. 2010 ), which they argue are useful taxa for such studies, but must be used with caution as representatives for other species (Rainio and Niemelä 2003) .
One of the main conclusions found by Niemelä and co-authors is that, besides a reduction in species richness as urbanization intensifies, there is a loss of larger and more specialized species. It is not discussed whether the same forces that exclude the largest mammals from urban areas also affect the "charismatic megafauna" of carabids.
An important paper discussing habitats at the micro-scale (probably the scale most relevant to individual species of insects) is part of the comprehensive series from Britain on "Urban domestic gardens"-what we call backyards in North America. In a broad study of several sampling methods and taxonomic groups, the authors (Smith et al. 2006) found that there were weak effects of their 22 variables, and that they varied widely according to taxonomic groups under study. Although this is disappointing, in that just doing "one thing" cannot restore an entire fauna, it is still interesting that they came out with a single recommendation: "If specific garden features are to be encouraged for invertebrates, then vegetation -especially tree cover -is likely to provide benefits for the widest range of taxa." Not known is how relevant, or how similar, these results are to other parts of the world, since so few comparable studies have been done elsewhere, especially in different climates where planting trees might not be as desirable from a wildlife habitat perspective (for instance, in desert cities like Tucson, Arizona). Also, the types of trees planted must make some difference, although the effects of alien versus native vegetation were not strong factors in their analysis.
Indeed, some papers from have shown that increasing native vegetation is not necessarily sufficient, especially at smaller scales (Gaston et al. 2005, Matteson and Langellotto 2010) to boost insect life, and that many insects are able to make good use of non-natives as food (Owen 1991 , Shapiro 2002 , Helden et al. 2012 ). This contrasts with situations where native plantings are highly correlated with greater density and diversity of caterpillars (Burghardt et al. 2009 ), some bees (Pardee and Philpott 2014) , and biodiversity in general . Studies have again shown highly species-specific responses, however, to different types of vegetation structure and diversity. For instance, Mata et al. (2017) showed that "golf courses sustain higher species richness of [hemipteran] herbivores and predators than parks and gardens". Thus, studies based on single taxonomic groups must be interpreted in a larger context.
The most frequently studied taxonomic groups As expected, the most cited papers were general ones that dealt with an insect fauna (terrestrial or stream), rather than a particular taxonomic group. Those that did specialize, however, were skewed towards beetles (especially the carabids mentioned above), butterflies, and bees. It is understandable that butterflies and bees are heavily researched, being highly visible and popular organisms, and certainly we need to know more about them. These groups are "front-line" taxa in the conservation literature, like birds, yet I hope that not too many conservation decisions are made based on their distribution. As Hartop et al. (this volume) show, it is relatively easy to manipulate a landscape to attract more bees and butterflies, but it can be questioned whether such a "restoration", effected by planting strategic host plants, is comprehensive enough. Planting butterfly gardens and providing bee hotels is one step in habitat improvement (but see below for bee hotels); hopefully we will take many more steps to provide more vibrant urban ecosystems.
The public perception of urban bee conservation also requires comment. Often, laypeople do not know that the western honey bee (Apis mellifera L.) is an introduced species suspected of having at least some detrimental effects on native bees. While honey bees are vital tools in agriculture, the promotion of urban beekeeping increases the likelihood of stings, has a financial impact through the need for removal of pest feral colonies from houses and other structures, and usually is not necessary (at least not in our city, Los Angeles). No significant agriculture takes place in our urban areas, and the abundant feral colonies are more than sufficient to pollinate food plants in backyard and community gardens. Keeping bees for their honey production is another motivation, but honey from cities must be the most contaminated imaginable (even if it has not been studied in detail). Nevertheless, urban beekeeping is heavily promoted in literature rife with misconceptions and irrelevant facts (Colla and MacIvor 2017). Many people have the misconception that we need to be "helping" honey bees rather than the native bees that really could use their assistance.
What can one do?
All of these studies hopefully will allow us, in the near future, to increase desirable insect biodiversity in urban areas. Aside from perception difficulties that must be overcome in people who consider increased insect populations and diversity undesirable, what actually works? The authors of the "Urban domestic gardens" series have attempted to answer this question, but the answer is "it is complicated". Their study (Gaston et al. 2005 ) tried a number of methods to increase biodiversity, some of which were successful, others of which were complete failures. Particularly stunning failures were planting host plants for butterflies that were present in the gardens but that did not use the plants and bumble bee houses that housed not a single colony. Providing artificial ponds had some positive effects, whereas dead wood left out to attract saproxylic organisms probably needed more time (decades) to work. In contrast, providing artificial nests for cavitynesting solitary bees was successful.
In spite of some successes, the betterment of backyard habitat for individual taxa (such as Monarch butterflies) or small groups of organisms (bumble bees), begs the question of "what about all the other species". Single species (or small taxon) approaches are suspected to cause further problems and imbalances. For instance, planting tropical milkweed for Monarch butterflies may disrupt their migratory behavior (Satterfield et al. 2015) . Provision of nesting habitat ("bee hotels") for solitary bees can work quite well, even in highly urbanized areas (personal observation), but are not without possible negative effects of their own (MacIvor and Packer 2017). A better approach at the landscape level would be to make each backyard more like the surrounding natural habitat, encouraging greater use by the native fauna, rather than enhancing conditions for only a small group.
Summary
The field of urban entomology is active and vital, with many centers of research working on a variety of tasks. There is still relatively little known about urban biodiversity outside of a few groups of popular insects, however, as attested by our discovery of 43 new species of phorid flies in Los Angeles (Hartop et al. 2015 (Hartop et al. , 2016 , and the impact of molecular studies are still yet to come. This brief review has concentrated on the most influential papers and themes in urban insect biodiversity, but these will doubtlessly evolve as the field matures. systems: urban ecological systems present multiple challenges to ecologists-pervasive human impact and extreme heterogeneity of cities, and the need to integrate social and ecological approaches, concepts, and theory. 
